NACELLE INLET LIP ANTI-ICING WITH ENGINE OIL 


TECHNICAL FIELD 

[0001] The present invention relates generally to de-icing 
and anti-icing systems for use with aircraft engines, and 
more particularly to a combined engine oil cooler and anti- 
icing system for an aircraft engine nacelle. 

BACKGROUND OF THE INVENTION 

[0002] Operation of aircraft power plants in adverse weather 
conditions or at high altitudes can sometimes lead to ice 
forming on the exposed surfaces of the power plant inlet. 
The build-up of ice on a nacelle surrounding the power 
plant limits the quantity of air being fed to the engine. 
This reduction in inlet airflow can result in a reduction 
of power output, efficiency and/or cooling capacity of the 
power plant. Systems used to prevent or remove ice 
formation on aircraft nose cones or wing leading edges are 
well known. Engine inlet anti-icing systems are also used 
and commonly employ a thermal source, such as hot air bled 
from the engine core or an electrical heating element, 
which is applied to the nacelle inlet to melt or evaporate 
ice build-up on the external surfaces thereof. However, 
hot air bled from the engine core reduces overall engine 
performance and electrical heating systems draw electrical 
power which furthers non-propulsive load imposed on the 
engine . 

[0003] Heat generated by an aircraft engine is largely 
absorbed by the lubricating oil circulated therethrough, 
which is typically then cooled by air flow using an air-oil 
heat exchanger. Such an oil cooler generally requires a 
separate air flow feed which directs cooling air from the 
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exterior of the engine nacelle to the oil cooler disposed 
therewithin. 

SUMMARY OF THE INVENTION 

[0004] It is an object of the present invention to provide an 
improved anti-icing system for an aircraft engine nacelle. 

[0005] It is another object of the present invention to 
provide a system which will prevent ice formation on the 
aircraft engine nacelle inlet lip and will provide an oil 
cooler for the engine lubricating oil system. 

[0006] Therefore, in accordance with the present invention, 
there is provided a nacelle for housing a gas turbine 
engine having a pressurized oil system for lubricating 
components thereof, said nacelle comprising: an inlet lip 
defining a leading edge of said nacelle, said inlet lip 
having a conduit therein in fluid flow communication with 
said pressurized oil system of said gas turbine engine and 
defining an oil passage for circulation of pressurized 
engine oil therethrough; and said conduit being in heat 
transfer communication with an outer surface of said inlet 
lip. 

[0007] There is also provided, in accordance with the present 
invention, a power plant assembly comprising: a gas turbine 
engine having a pressurized oil system for lubricating 
components thereof; a nacelle housing said gas turbine 
engine having an inlet lip defining a leading edge of said 
nacelle; and a conduit, defined within said inlet lip, 
communicating .with said pressurized oil system for 
circulation of engine oil therethrough, said conduit being 
in heat transfer communication with an outer surface of 
said inlet lip. 
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[0008] There is further provided, in accordance with the 
present invention, a method of preventing ice build up on a 
nacelle inlet lip and cooling engine oil, comprising the 
steps of: providing a nacelle housing a gas turbine engine 
and having a conduit within an inlet lip thereof defining a 
circumferential oil passage therein, enabling heat transfer 
communication between said conduit and an outer surface of 
said inlet lip; and circulating pressurized engine oil used 
to lubricate said gas turbine engine through conduit; 
thereby cooling said engine oil and heating said outer 
surface of said inlet lip. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Further features and advantages of the present 
invention will become apparent from the following detailed 
description, taken in combination with the appended 
drawings, in which: 

[0010] Fig. 1 is a partially sectioned side elevation 
schematic of an aircraft engine mounted within a nacelle 
having an inlet lip anti-icing system in accordance with a 
first embodiment of the present invention; 

[0011] Fig. 2 is an enlarged cross-sectional view of the 
inlet lip anti-icing system of Fig. 1; 

* 

[0012] Fig. 3a is a cross-sectional perspective view of a 
nacelle inlet lip anti-icing system in accordance with a 
second embodiment of the present invention; 

[0013] Fig. 3b is a cross-sectional perspective view of a 
nacelle inlet lip anti-icing system in accordance with a 
third embodiment of the present invention; 


[0014] Fig. 4 is a cross-sectional view of a nacelle inlet 
lip anti-icing system in accordance with a fourth 
embodiment of the present invention; 

[0015] Fig. 5 is a cross-sectional perspective view of a 
nacelle inlet lip anti-icing system in accordance with a 
fifth embodiment of the present invention; and 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
[0016] Aircraft engine nacelles, and particularly the inlets 
thereof, must be kept free of ice build-up in order to 
prevent reduction in the amount of air entering the engine. 
It follows that ice tends to build up on the outer surface 
of the nacelle inlet lip as this area receives some of the 
coldest air that the aircraft engine will encounter during 
operation. Accordingly, the present invention takes 
advantage of the high volume of cold air flow at the 
nacelle inlet leading edge lip to cool the engine 
lubricating oil. By circulating the hot engine oil through 
the nacelle inlet lip, rather than through other downstream 
members of the engine, such as the inlet guide vanes in gas 
turbine engines for example, the efficiency of the engine 
oil cooling system is maximized. Particularly, the 
temperature of air which has entered the nacelle of a gas 
turbine engine, even before it reaches the combustion 
chamber, is generally higher than outside the nacelle due 
to the compression of the inlet airflow. Therefore, by 
locating the engine oil cooler at the nacelle inlet lip 
rather than further downstream in the engine, more 
efficient cooling of the hot engine oil is possible. 
Further, locating the engine oil cooler in the nacelle 
inlet lip makes use of an area of the engine which has 
previously been unused. Although adaptable to all aircraft 
engine nacelles, the present invention is therefore 
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particularly attractive for compact engine applications and 
ones which generate a large amount of heat in comparison 
with conventional gas turbine engines, and therefore which 
necessitate improved cooling requirements. 

[0017] The present invention employs engine oil from the 
pressurized oil system of the gas turbine engine, 
circulated internally through the nacelle inlet lip, as the 
heat source to perform de-icing or anti-icing of the 
exterior surface of the nacelle inlet lip. Although the 
terms anti-icing and de-icing have slightly different 
meanings, namely prevention of ice formation and removal of 
ice formation respectively, the term anti-icing will 
generally be used herein as the engine oil is preferably 
continuously circulated through the nacelle inlet lip. 
However, it is to be understood that the present invention 
is similarly capable of melting ice already formed on the 
nacelle, and that accordingly de-icing is also possible. 
As this arrangement cools the hot engine oil, the need for 
a separate oil cooler is obviated, provided the heat 
transfer from the hot engine oil to the icing surface, 
through the wall of the nacelle inlet lip, is sufficient to 
adequately cool the oil before it is returned to the 
engine. The elimination of the convention oil cooler 
permits significant weight and space savings. 

[0018] Referring to Fig. 1, a nacelle 10 of an aircraft power 
plant 14 is fixed to a mounting structure 12 of an 
aircraft. The power plant 14 will be preferably described 
herein as a gas turbine engine, and more particularly as a 
turbofan, however the nacelle inlet lip anti-icing and oil 
cooling system of the present invention can be used with 
any suitable aircraft power plant. The turbofan engine 14, 
as illustrated in Fig. 1, shows an upstream fan 16 that 
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provides initial compression of the engine inlet airflow 
which is subsequently split into the outer annular bypass 
airflow passage 18 and the inner annular engine core 
airflow passage 20. Generally, inlet guide vanes 24 are 
disposed at least within the engine core airflow passage 
20, upstream of the next compressor stage 22. 

[0019] The nacelle 10 is generally tubular, having an outer 
surface 31 and an inner surface 33 substantially parallel- 
to one another and radially spaced apart to define a hollow 
cavity 29 therebetween. The circumferential inner surface 
33 of the nacelle 10 defines the air flow passage to the 
engine at the upstream end thereof, and defines the annular 
bypass airflow passage 18 further downstream. At the most 
upstream end of the nacelle 10 is disposed the inlet lip 
28. Within the annular hollow cavity 29 at the inlet lip 
28 of the nacelle 10 is disposed a combined anti-icing and 
oil cooling system 30. 

[0020] The anti-icing/oil cooling system 30 comprises 
principally a conduit 30 defining an annular oil passage 40 
which preferably extends the full circumference of the 
nacelle inlet lip 28 within the hollow cavity 29. Hot 
engine oil, having cooled the turbofan engine 14 is 
circulated through the oil passage 40, preferably 
continuously, before it is returned to the engine. The 
conduit 30 is defined within the hollow cavity 29 close 
enough to the outer surface 32 of the nacelle inlet lip 28 
to permit heat transfer communication between the hot 
engine oil flowing through the oil passage 40 and the inlet 
lip icing regions on the outer surface 32 of the nacelle 
inlet lip 28. Accordingly, heat from the hot engine oil 
being circulated within the oil passage 40 is transferred 
to the inlet lip outer surface 32, thereby melting any ice 


formed thereon and keeping the outer surface 32 
sufficiently warm in order to prevent any ice build-up, 
while cooling the engine oil. 

[0021] Referring to the embodiment of Fig. 2, the nacelle 10 
comprises a circumf erentially extending inner surface 33 
and a circumf erentially extending outer surface 31 radially 
spaced therefrom to define a hollow cavity 29 therebetween. 
The inner and outer surfaces 33 and 31 are preferably sheet 
metal skins integrally joined at the upstream ends thereof 
with an annular sheet metal lip 36 having a substantially 
C-shaped cross-section, thereby forming the nacelle inlet 
lip 28. The conduit 30 of the anti-icing and oil cooling 
system comprises in the embodiment of Fig. 2 a 
circumf erentially extending tube 34 which defines the oil 
passage 40 therein. The tube 34 is fixed within the 
nacelle inlet lip 28 by a permanent fastening means 38 such 
as a braze, weld, or bond for example. The tube 34 is 
positioned such that an outer wall 35 of the tube 34 is in 
contact with the inner surface 37 of the annular sheet 
metal lip 36, such that heat transfer by conduction can 
occur therebetween. Inlet and outlet ports in the tube 34 
are provided (not shown) for adding and removing the engine 
oil into the oil passage 40. 

[0022] Referring now to a second embodiment of the present 
invention depicted in Fig. 3a, the nacelle 110 is cast with 
the conduit 130, which defines the annular oil passage 140, 
integrally defined within the upstream end thereof. 
Annular retaining walls 144 within the hollow cavity 129 of 
the nacelle 110 define the oil passage 140 upstream 
thereof, between the retaining walls 144 and the curved 
leading edge of the inlet lip 128. At least an integral 
oil inlet conduit 146 and an oil outlet conduit (not shown) 
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are similarly cast within the nacelle 110 near the inlet 
lip 128, such that oil can be pumped into the oil passage 
140 and can be withdrawn therefrom once it has sufficiently 
cooled due to heat transfer to the outer surfaces of the 
nacelle inlet lip 128. Other structural elements such as 
support struts 148, which are provided to ensure adequate 
stiffness, are similarly integrally cast within the nacelle 
110. 

[0023] In contrast to the tube 34 which defines the oil 
passage 40 in the first embodiment of Fig. 2, the advantage 
of casting the conduit 130 defining the oil passage 140 
within the inlet lip 128 as depicted in Fig. 3a is that the 
shape and features of the oil passage 140 can be 
specifically selected and optimized to suit the particular 
anti-icing requirements for the intended application of the 
nacelle 110. Further, by casting the entire inlet lip 128 
of the nacelle 110, the structure and the integrally 
defined passages therein can be manufactured to an exact 
required configuration with very little minimal post- 
production work, such as finish machining, polishing and 
welding for example, being necessary. This considerably 
saves on manufacturing time and expense required for the 
production of' the finished part. 

[0024] The third embodiment of Fig. 3b is similar to that of 
Fig. 2, however the conduit 130 further comprises an 
internal tube 152, which is integrally cast within the 
inlet lip 128 and defines the oil passage 140 therewithin. 
The internal tube 152 extends through the full 
circumference of the nacelle inlet and is comprised of a 
metal having a higher melting point than that of the base 
material of the nacelle 110, such that it can be integrally 
cast therein. The additional internal tube 152 integrally 
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cast within the nacelle inlet lip 128 provides added 
protection against potential foreign object damage to the 
inlet lip 128 in comparison with the tube-less embodiment 
depicted in Fig. 2. Therefore, should a foreign object 
strike the inlet lip 128 of the nacelle 110, the added 
integrally cast tube 152 further protects the oil passage 
140 against a possible breach which would result in oil 
pressure loss. Another advantage of using an integrally 
cast tube 152 is that such pre-manuf actured tubes are more 
consistently produced to high tolerances such that exact 
internal passage sizing is achieved, which permits optimum 
heat transfer from the hot engine oil to the outer surfaces 
of the nacelle inlet lip 128. 

[0025] Referring to the fourth embodiment shown in Fig. 4, 
inlet lip 228 of the nacelle 210 comprises a conduit 230 
which comprises two adjacent sheet metal liners. Namely an 
outer liner 259, defining the leading edge 236 of the inlet 
lip 228, and an inner liner 258 are provided. The inner 
liner 258 is disposed within the curved upstream end of the 
outer liner 259 and defines the oil passage 240 
therebetween. The inner liner 258 is circumf erentially 
fastened to the interior surface of the outer liner 259 by 
a fastening means 260 which can include a weld, braze, 
bond, or rivets for example, which seal the inner liner 258 
with the outer liner 259 such that the oil passage 240 
retains the engine oil within the annulus defined by the 
oil passage 240 at the inlet lip 228 of the nacelle 210. 
Therefore the engine oil can flow between the outer and 
inner liners 259 and 258, which make up the inlet lip 
external and internal surfaces. The inner liner 258 is 
preferably rearwardly concave, which provides a strong 
structural arrangement for retention of the pressurized 
engine oil within the oil passage 240. As per the previous 
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embodiments, inlet and outlet conduits (not shown) are 
provided to permit the engine oil to be introduced and 
withdrawn from the oil passage 240. The inner liner 258 is 
further preferably insulated on the rear, non-oil surface, 
such that heat transfer from the oil to the outer liner 259 
is promoted. 

[0026] In a fifth embodiment of the present invention, 
depicted in Fig. 5, the nacelle 310 comprises an inlet lip 
328 with a cast inlet lip leading edge wall 364 having a 
plurality of internal annular conduits 330, extending 
throughout the full circumference of the inlet lip 328 
within the leading edge wall 364. Each of the plurality of 
conduits 330 defines an annular oil passage 340 
therewithin, thereby providing a plurality of discrete oil 
passages for the circulation of engine oil therethrough. 
At least an oil inlet conduit 346 is provided to permit 
input of hot engine oil into the multiple annular oil 
passages 340, and a similar oil outlet conduit (not shown) 
is also provided. Each annular conduit 330 can also 
comprise an integrally cast tube therewithin, for added 
foreign object damage protection as described with regard 
to the single passage embodiment of Fig. 3b. With or 
without the internal tubes, this embodiment provides 
additional protection against oil loss in the event of 
foreign object damage to the inlet lip 328, as it is more 
unlikely that all of the annular passages 340 will be 
ruptured if a strike occurs at only one point on the inlet 
lip 328. A further advantage of this embodiment is that 
the volume of oil required for circulation within the 
nacelle inlet lip 328 is less than if a single oil passage 
is provided, without reducing the anti-icing efficiency on 
the outer surfaces of the inlet lip leading edge wall 364, 
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and without reducing the oil cooling ability of the anti- 
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icing and oil cooling system 330. Additionally, this 
embodiment is more structurally rigid, as the plurality of 
conduits 330 essentially create annular ribs within the 
inlet lip 328 which add stiffness thereto. 

« 

[0027] There is a control system incorporated for managing 
the anti-icing system to ensure that consistent performance 
to support heat transfer and engine oil circulation is 
achieved. The control system will also ensure that in case 
of damage to the inlet lip resulting in a potential oil 
leak to outside of the passage, shut-off /isolation 
mechanism and a by-pass oil passage will ensure that no oil 
is fed to the inlet lip for anti-icing. This guards the 
engine from the loss of main shaft oil maintaining 
continuous engine operation. 

[0028] Additionally, although structural supports 148 are 
only depicted with regard to the embodiments of Figs. 3a 
and 3b, all embodiments preferably also include such 
stiffeners within the inlet lip of the nacelle, in order to 
provide adequate protection against possible foreign object 
damage incidents. 

[0029] The combined anti-icing and oil cooling system of the 
present invention has been described preferably with 
regards to the inlet lip of an engine nacelle. However, it 
is to be understood that such a system could also be 
employed within the exposed leading edges of other aircraft 
surfaces, such as aircraft airfoils including wing leading 
edge for example, in order to prevent ice build up thereon 
and in order to cool engine oil. Although this requires a 
larger volume of oil and may accordingly only be practical 
for relatively small aircraft, an on-off control system can 
be included in order to selectively divert the flow of 
engine oil to the oil passages within airfoil leading edges 
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when necessary. Although the circulation flow of engine 
oil through the oil passages of the present invention is 
preferably continuous, an on-off flow control system 
permits anti-icing of the leading edge surfaces to be 
selectively performed. However, in this case, elimination 
of the conventional oil cooler is not possible unless 
alternative methods of cooling the engine oil are provided 
when oil is not being circulated through the oil passages 
to de-ice or prevent ice formation on the exterior surfaces 
of the nacelle inlet lip or alternative aircraft airfoil 
surface . 

[0030] The embodiments of the invention described above are 
intended to be exemplary. Those skilled in the art will 
therefore appreciate that the forgoing description is 
illustrative only, and that various alternatives and 
modifications can be devised without departing from the 
spirit of the present invention. Accordingly, the present 
is intended to embrace all such alternatives, modifications 
and variances which fall within the scope of the appended 
claims . 
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